Introduction
During my career, ultrasound, computed tomography (CT) and magnetic resonance imaging (MRI) have been introduced as means of musculoskeletal imaging. From beginnings of incredulous doubt, through excitement at the potential of the recognition of established and sound clinical indications all of these techniques have been extensively applied to the diagnosis and management of diseases of the locomotor system. Most new techniques have a priesthood and certain mystique. Those who understand and master the technology are usually very committed to one particular method of imaging, and certainly the immature application encourages specialization in a method of imaging, rather than a disease group. As time passes and experience mounts there is increased confidence in that the technique is now understood and widely available. System-based specialization becomes more important as the imaging method is now a wellunderstood tool and not a goal in itself.
Machine-or technique-based practices can limit the view of those who work heavily with one technique. It is natural to 'support' the method that one has chosen and hard to recognize that there may be a better approach. Perhaps it is more challenging to understand the strengths and weaknesses of each method, and to choose the best for a purpose, with a logical sequence of investigation that is most likely to make an accurate and safe diagnosis.
Which is best for a given purpose and which is preferred when more than one method would be appropriate is the principle question that I pose in this presentation. Hopefully, I will convince the reader that choices in this should depend on the equipment available, its' quality, the diagnostic utility on the chosen test and the accuracy of its outcome. It is for the reader to judge from the evidence which investigation they would use first, and what supporting or clarifying investigation may be needed.
Is there a rivalry between ultrasound, CT and MRI or just a debate fuelled by personal skills, habit and misperceptions of the omnipotence of one method? I use all three methods in my practice, and am continually fascinated and impressed by their diagnostic performance. This is a personal view of imaging strategy in the diagnosis of musculoskeletal ailments.
There are various criteria that we may use to judge the technique. First, I will compare the technical performance of MRI, ultrasound and CT using the following criteria:
Resolution
Ultrasound resolution depends fundamentally on the frequency of the insonation (ultrasound beam). The higher the frequency, the shorter is the wavelength and the greater the resolving power. Probe designs, precision of manufacture and software algorithms are all factors that can affect the image in Correspondence: David Wilson, Nuffield Orthopaedic Centre and University of Oxford, Windmill Road, Headington, Oxford OX3 7LD, United Kingdom. david.wilson@radiology.ox.ac.uk a detrimental way decreasing the ability to discriminate small structures.
MR resolution depends on the sequence selected, the slice thickness, the pixel size (matrix size and dimension of the field of view combined; see Fig. 1 ). These are affected by the overall strength of the field and the steepness of the gradient coil that affects slice thickness. The matrix is selected in a trade-off between resolution, imaging time and contrast. Technical performance of the RF and gradient coils may limit resolution. Noise is an enemy of resolution, and it becomes less the higher the field strength and the better designed the surface coils.
Contrast
Strictly speaking, contrast should not affect resolution, but if structures do not give different patterns of sound reflection, then no matter how good the line pair resolution, it will be hard to distinguish the two regions. When we compare methods of imaging we are really interested in how well we can detect an abnormality. If the methods cannot discriminate between structures or tissue types because ultrasound contrast is poor then however good the line pair resolution the lesion may be invisible or difficult to identify (Fig. 2) .
However good the resolution, if the disease process does not change the brightness or intensity of the image, then it will be difficult to detect abnormalities ( Fig. 3 ).
Coverage
Patients sometimes complain of symptoms that relate to a point they can place a finger on. Detailed examination of this area may well be productive and there is a great advantage to the ultrasonographer who can place the probe exactly on the spot. Well-trained MR radiographers may place a marker on a painful or swollen area, but it is much less convincing than being with the patient, and both you and they realize that the abnormality on the image is exactly at the spot. Unfortunately, this is not always the case. Referred pain tends to affect a region, neurological symptoms may relate to a distant lesion and, worse still, if we are seeking a clinically occult lesion there is no guide. It is simplistic, but important to say that if we do not examine the diseased area, we will fail to make a diagnosis; hence, the need for extended coverage of regions of the body. MR and nuclear medicine lend themselves to this type of search. Ultrasound may be applied over large areas, but the chance that this has been done depends on the skill and perhaps conscientiousness of the examiner. (See, for example, Figs 4 and 5).
Reproducibility
Follow-up is critical in patients with tumours especially after surgery. MR can do the same every time, especially if the same machine is used and the radiographers have the 
Key Points
N Tailor the imaging to the case N MRI gives reproducible pictures N Ultrasound has better resolution N Contrast varies with the technique and subject N Ultrasound is ideal for showing movement N Doppler is cheaper and faster than gadolinium N Ultrasound and MRI are complimentary old images to hand (see Fig. 6 ). Slice planes and orientation may vary a little, but it is rare for us to wonder if the change is due to the disease or technical factors. Ultrasound is hard to reproduce. Even if an experienced examiner sees the patient every time, it is hard to remember what was there before and the images are only a little help, as we will not know the exact plane of imaging. Years ago, before CT and MR were available for body imaging, I used ultrasound to follow patients with haemophilic bleeds. Was the haematoma resolving, and could we stop the expensive and, indeed, risky factor VIII therapy? The old gantry-based B scanners gave a modicum of CT-like sectioning, and I used to make copious notes and diagrams. CT and later MR were such an advance.
Movement
MR has limited capability of demonstrating movement. Fast low-resolution images are employed in tracking motion, for example, in the study of patella subluxation (Fig. 7) . The techniques are demanding and contrived with gadgets to control the limits of movement.
On the other hand, ultrasound is close to the ideal method of demonstrating motion. Triggering and subluxation of tendons, enlargement of a cyst with joint motion, compression of a nerve as the limb moves and bulging of a muscle through a fascial defect are examples (Fig. 8 ). If the patient says the symptoms occur when they move then ultrasound examination should be preformed whilst that action is performed (Figs 9 and 10).
Vascularity
MRI and ultrasound are both very effective means of demonstrating the blood supply of a lesion. MR has the disadvantage that to administer gadolinium and to repeat the sequences takes time, is costly, requires a venepuncture (a) (c) Figure 6 . It is much easier to see the extent and compartmental involvement of this large schwannoma using MR (c). STIR (b) sequences or T2-weighting with fat suppression enhance the contrast and allow the surgeon to plan excision. The ultrasound study tells us more about the internal structure of the mass, and vessels and necrotic areas become clear (a). This is valuable information that helps to plan a safe and diagnostically effective biopsy.
(b)
and staff who may need to be called to perform the procedure. Doppler ultrasound is available on most modern machines, and will also tell us about the size and shape of vessels, plus data on flow rates and waveform (see Fig. 11 ). I recently diagnosed tricuspid valve regurgitation when asked to exclude an axially vein thrombosis. This was the first time in years that I wielded a stethoscope to confirm my findings.
Demonstration
When we find an abnormality we need to convince our colleagues that it is present. A printed image is a great help, especially when it can be related to anatomy that they understand (Fig. 12) . MR used to be the only means of doing this. The ultrasonographer was really saying 'trust me I am an expert'. Extended field of view images have helped a little, but trust between imager and clinician remains important.
Diagnosis
The endpoint of imaging is when a diagnosis is made. From the discussion so far I hope that you are convinced that MR and ultrasound are complimentary in this role. We should use the technique that is most likely to resolve the clinical question. To decide which method to use or even if we do not need imaging is a high level skill, which needs both knowledge and experience. Our decisions must be qualified by the accuracy and reliability of each technique, and this will, in part, depend on the type of hardware and the training of the team. These factors vary between institutes and the best solution may be different if the patient moves to another hospital.
One of the strengths of ultrasound is that we are with the patient often for longer than they have seen the referring clinician. However, this may also be a weakness as we, too, may be misled by signs and symptoms that point the wrong way. A least with MR, we often have the chance to give the case an overview uncluttered by clinical information, which assumes that you, like I, often receive requests for examinations that have brief, if not illegible clinical details.
In many cases the final diagnosis rests on a biopsy. MR may be used for planning the route a needle will take, but with rare exceptions, it usually falls to ultrasound, CT or fluoroscopy to provide the image guidance (Fig. 13) . Having said this, we would always use MR to plan the biopsy of a soft tissue lesion as we do not want to penetrate unaffected compartments. (a) (b) Figure 9 . Static MR images of the Achilles show that it is injured, but is the tear complete? (a) This makes a great difference to the form of treatment. A partial tear will be treated with a splint and the foot may be left in a reasonably functional position. A full tear needs surgery or a splint with the foot in steep equinus. Ultrasound (b) make the diagnosis easy: move the foot by a centimetre or so and the tendon ends either move apart or as one item. Compare the gaps A and B as the tendon gap enlarges.
(a) (b) (c) (d) Figure 10 . Footballers may develop a painful mass in the anterolateral gutter that may need arthroscopic excision (d). MR (a) has been modestly effective in making this diagnosis, but ultrasound before (b) and during (c) compression of the tibia to the fibula will show a mass that moves, clinching the diagnosis.
(a) (b) Figure 11 . In this case of nodular fasciitis of the hand, MR shows the location best, whilst power Doppler ultrasound shows fine detail of where the vessels are located.
Conclusion
Ultrasound and MR have critical and pivotal roles in the management of musculoskeletal disease. Those who rely on one method and ignore the other do so at their patient's risk. Knowledge of the strengths and weaknesses of each method is essential to the practice of musculoskeletal imaging.
Suggested Reading (a) (b) (c) Figure 12 . This adenocarcinoma metastasis is seen as bony destruction on a radiograph (a), but both MR (b) and ultrasound (c) show the lesion itself. The MR defines its relationships better, but Doppler ultrasound is probably the easiest way to find out how safe it is to biopsy. Figure 13 . Ultrasound-guided injection.
